Two of the main objectives of the European Directive on environmental noise are, firstly, to unify acoustic indices for assessing environmental noise and, secondly, to standardize assessment methodologies. The ultimate goal is to objectively and comparably manage the impact and evolution of environmental noise caused both by urban agglomerations and by traffic infrastructures (roads, rails and airports). The use of common indices and methodologies (together with five-year plan assessment required by the authorities in charge) should show how noise pollution levels are evolving plus the effectiveness of corrective measures implemented in the action plans. In this paper, available results from numerous European agglomerations (with particular emphasis on Spanish agglomerations) are compared and analysed. The impact and its evolution are based on the percentage of people exposed to noise. More specifically, it demonstrates the impact caused by road traffic, which proves to be the main noise source in all agglomerations. In many cases, the results are extremely remarkable. In some case, the results are illogical. For such cases, it can be concluded that either assessment methodologies have been significantly amended or the input variables to the calculation programs have been remarkably changed. The uncertainty associated with the results is such that, in our opinion, no conclusions can be drawn concerning the effectiveness of remedial measures designed within the action plans after the Directive's first implementation Phase.
Introduction
The European Parliament and the Council of the European Union adopted the Directive 2002/49 [1] relating to the assessment and management of environmental noise. On a prioritised basis, the Directive aims at providing a common approach to avoid, prevent or reduce the harmful effects, including annoyance, due to exposure to environmental noise. The Directive introduces the noise indices L den , L day , L evening and L night (L den , L d , Le and Ln); the concepts of agglomeration, major road, railway and airport; as well as noise mapping and action plan. The Directive articulates the assessment methods and their timing for the purpose of strategic noise mapping and their corresponding action plans. This implies the use of harmonised indicators and evaluation methods, as well as criteria for noise-mapping alignment.
The Directive has been transposed to the law in each European country. In the case of Spain, it is referred to as the Law 37/2003, or the Noise Law [2] . The Royal Decree 1513/2005 [3] was the first implementation of the Noise Law. It regulates drawing up strategic noise maps and adopting action plans to prevent and reduce environmental noise. Royal Decree 1367/2007 [4] completed the development of the Noise Law. It outlines the noise and vibration indices, establishing the different types of acoustic areas and easements as defined in the Noise Law. It also defines the objectives of acoustic quality for each acoustic area and, finally, the procedures and assessment methods concerning noise and vibration. In the case of Italy, the national Decree n.194/2005 [5] transposed the END Directive. Italy, however, had a very detailed national legislative structure, based on Framework Law n.447/1995 [6] and their corresponding implementation decrees.
The Directive provides a timetable for delivering phases and publishing results. The production of the strategic noise maps involved two stages. [8] , and the Information System on the Acoustic Pollution in Spain (SICA) [9] . Despite beginning the administrative procedures, there are still a great number of agglomerations that will not complete their acoustic maps before 2015. In the case of Spain, 38 of the 60 agglomerations have not completed their acoustic maps by August 2013.
Over the last few decades, many research projects had been conducted on different aspects of noise pollution. Many agglomerations ran measurement campaigns to quantify their noise pollution levels [10] [11] [12] . Some studies revealed a decrease in the urban noise pollution levels [13, 14] . In addition, the literature provided much evidence [15] [16] [17] [18] [19] on the harmful effects of noise on human, both physiological and psychological (e.g., annoyance, sleep disturbance, stress). More specifically, the connection between environmental noise and cardiovascular disease have become clear [20, 21] . The effect of noise on health depends not only mainly on the long-term exposure to sound pressure levels, but also the types of noise source. Annoyance studies have shown that aircraft noise is perceived as more annoying than road traffic noise of the same average noise level [22, 23] . The noise exposure levels in many urban areas seem to be considerably greater, both during the daytime and at night-time, than the limits recommended by the World Health Organisation [24] . These limits are regarded as the levels above which exposure to noise is detrimental to human health. The majority of people in the European Union, the United States, and elsewhere in the world are typically exposed to environmental noise (L den ) of between 50 and 60 dB [25] . For instance, it was found that 90.2 % of the central Dublin residents were exposed to night-time noise levels of over 45 dBA [26] . In a study carried out in Fulton County, Georgia in USA [27] , it was concluded that 28 % of the residents were exposed to daytime noise levels over 55 dBA and 32 % were exposed to night-time noise levels over 50 dBA. As a final example, it was found that a 13 % of the population in the agglomeration of Pamplona, Spain, were exposed to night-time noise levels over 55 dBA and 15.1 % were exposed to L den noise levels over 65 dBA [28] . In all the aforementioned studies, the main noise source was road traffic noise.
Material and methods
The agglomerations that have produced a strategic noise map (Phase II) in Spain are listed with demographics in Table 1 . Alicante, Bilbao, Málaga, Murcia, Pamplona, and Valencia also produced maps in Phase I. More than 5.5 million people have been evaluated, representing 12 % of the entire Spanish population.
The municipal government was the authority in charge in 20 agglomerations while in two cases, this fell into the Autonomous Community government. The delimitation of the agglomeration was carried out in line with the criteria established under the Spanish law [3] . Pursuant to the requirements to produce noise maps, only the total number of inhabitants living in the agglomeration (based on the last population census) would be taken into account. To identify sectors in the territory of concern, at least the following criteria about proximity and population density should be applied: a) sectors of the territory with a population density of 3,000 inhabitants or more per square kilometer, b) residential areas far away from one another equal to or lower than 500 m. It should be noted that bystander population could be taken into account, if there were important seasonal variations. However, none of the Spanish agglomerations had considered this option.
From the total number of agglomerations listed in Table 1 , engineering companies produced the maps in 15 of the cases. In four of the cases, maps were created by university research groups. In three of the cases, maps were drawn up by in-house experts from the municipal government. The commercial software used was Cadna (10), SoundPlan (6), or Predictor (3); in the three remaining cases, the software used was not reported. As a general practice, the simulation parameter figures (e.g., reflection order, type of pavement, size of the grid) used to calculate the maps were not specified in details in the reports. As exceptions to this general practice, Albacete, Almería, Badajoz and Pamplona reported using a reflection order of 1, while Bilbao and Leganés used an order equal to 2. The reflection order was not mentioned in the report from the other agglomerations. For grid size, only Albacete, Almería, Badajoz, Elche, Leganés, and Pamplona used a grid size of 10×10 m, while Bilbao and Cartagena used 5×5 m. The grid size was not indicated in the rest.
The reports did not provide detailed descriptions of the methods used to calculate the percentage of people exposed to noise. Only one case (Pamplona) pointed out that the evaluation was carried out through a facade map. The remaining agglomerations reported either vaguely on the method of calculation or nothing at all. It was plausible to infer from the reports that the evaluation was carried out using only data from grid maps (at the height of 4 m). None seem to have followed the Working Group recommendations [29] for implementing the Directive with regard to this issue.
Results from many other European agglomerations have also been analysed, particularly in 149 cities from 18 countries. The list of agglomerations is shown in Table 2 .
Finally, a comparative study of the results between Phases I and II was carried out. In accordance with the Directive, strategic noise maps produced by the agglomerations in Phase I must be updated every five years. A comparison between the two phases has been carried out for the 31 agglomerations where data were available.
Results

Spanish agglomerations
The percentages of people exposed to traffic noise in the Spanish agglomerations are shown in Figures 1 and 2 , for the L den and Ln indices respectively. The agglomerations are listed in the order from lowest to highest percentage of population affected by noise level > 60 dBA for L den and > 50 dBA for Ln. Great variability can be observed among agglomerations in the results. For extreme cases, neither the urban morphology nor traffic volumes were able to explain such great differences.
Contradictions were found after detailed data analysis. The L den index is calculated using expression 1. Even imposing that L d and Le levels are equal to zero, a minimum ratio between L den and Ln is obtained, shown in expression 2. Expression 2 not only indicates that the L den index is always above Ln; but it also indicates that if a percentage of people is above a certain level of Ln, the same percentage should at least be at the level marked by the Ln plus 5 dBA at the L den . 
A ratio has been calculated relating the percentage of the affected people above 55 dBA in L den and above 50 dBA in Ln, as shown in Figure 3 , to all Spanish agglomerations. One of the agglomerations has a ratio of less than 1, suggesting that the percentage of exposure for L den and Ln are incompatible since the ratio must always be greater than unity. 
European agglomerations
As seen in Figure 4 , the average percentages of the population (only for countries where two or more strategic noise maps had been created) affected by traffic noise in European agglomerations, by agglomeration, vary among cities within the same country. The remarkable aspect of this graph is the level of dispersion for some countries. Countries such as Spain, France and Poland show high variability, while Germany has low variability. The average percentages of the exposed population (considering the total population of the agglomerations where strategic noise maps had been carried out) each country are shown in Figure 5 , which provides a more realistic average exposure than the data shown in Figure 4 . It can be clearly seen that Germany, on average, has the lowest exposure levels, while Spain is one of the countries with the highest exposure levels. As previously shown, the ratio of (L den > 55)/(Ln > 50) should be greater than unity. This ratio was used to iden- tify potential inconsistencies in the results. Another ratio of interest is the percent population exposed to dayevening-night levels (L den ) above 65 dBA compared to the percent exposed to night-time levels (Ln) above 55 dBA. This difference of 10 dB is assumed by the Lden index as a penalty for night levels compared to daytime levels. The daytime traffic volumes in European agglomerations is often ten times higher than that of the night-time. Moreover, in the absence of data on hourly traffic distributions, the most widely used prediction programs (i.e., Cadna and SoundPlan) provide an hourly distribution similar to this ratio. Therefore, the ratio will be defined (Eq. 3) as R L den ,Ln = %population a ected by L den > 65dBA %population a ected by Ln > 55dBA
Values close to unity indicate that the noise levels approximately follow the pattern suggested by the L den index, where Ln is 10 dB less than L d . Values much greater than unity (e.g., > 1.5) indicate that discomfort is most noticeable during daytime. Similarly, small ratios (e.g., < 0.5) suggest that annoyances are more remarkable during night-time. Although leisure activities may contribute to increasing traffic noise levels in nightlife areas, it is not appropriate to compare R L den, Ln against the ratio calculated using the leisure night-time noise levels since road traffic is the only noise source of concern. The ratios of (L d > 65)/(Ln > 55) for the Spanish agglomerations are illustrated in Figure 6 . Although not required by the Directive, the exposed population was calculated for the day and evening periods in the reports by the Spanish agglomerations. In general, reports from agglomerations in other European countries only evaluated data for the L den and Ln indices. High values (above 1.5) indicate that annoyance occurs mainly during the daytime period (both day and evening), whereas low values (below 0.5) suggest that annoyance occur mainly at night. This can be checked by looking at the outlier cases in Figures 1, 2 The difference in the variability of the R Lden/Ln ratios between the German and Spanish agglomerations has led to more detailed analysis on the percent population exposed to traffic noise. The percentages of the population exposed to traffic noise have been evaluated, grouped by increments of 5 dB in L den in Figure 8 , for both German and Spanish. It is already shown in Figure 5 that annoyance due to traffic noise is much higher in the Spanish cities. However, as seen in Figure 8 , the majority of the German agglomerations follow a similar trend while this does not happen in Spanish cities, where the trend presented is more than a little odd. This behaviour can be explained as follows. The German data were based on the national method of population distribution [30] . In most Spanish agglomerations, the exposed population percentage had been evaluated from the grid map at a height of 4 m. The term "most exposed façade" was interpreted as building instead of dwelling. Subsequently, the most exposed façade level is assigned to all dwellings in the building. As stated in the WG-AEN Position Paper (Toolkit 21), when the position of the dwellings within a residential building is unknown and the levels calculated at grid points around the buildings are used (assigning the highest overall level at any façade of the building to each dwelling within the building as its "most exposed façade" level), both the complexity and the cost of the calculation is low but, in contrast, the inaccuracy is high, greater than 3 dB [31] . Several studies [32] [33] [34] have shown that considerable differences are observed on the number of people exposed to different noise levels ranges, depending on the assessment methodology.
Comparison between Phases I and II
The percentages of population exposed to traffic noise, both for L den and Ln, from the 31 European agglomera-tions for which data are available are compared in Table 3 . In some cases, the differences between Phase I and II are so great that it may suggest considerable inconsistency either in the calculation methodologies or in input data from mainly traffic flows. In addition to the former, it is reasonable to conclude that such large divergences on the population affected by traffic noise between Phases I and II may be due to the different method used for the delimitation of the agglomerations. For example, some agglomerations have noticeable differences both in geographical size and in population between Phases I and II.
Discussion
Many factors can influence the quality of the results, and therefore good practices in the methodology are needed to improve the quality of output [35] . The major methodological differences in the process of developing strategic acoustic maps are summarized below.
-Quality and coverage of the noise source data: in many cases, the default data are often used instead of real-life scenario data (e.g., extrapolated traffic flows, speed limit for realistic averaged speed of vehicle fleet, standard flight tracks rather than radar based movements); -Quality of geographical and topographical data: for example, mapping with 5 m accuracy in elevation is insufficient and may drastically change the evaluation of the percent population affected by traffic noise [36] . In order to achieve accuracy in acoustic simulations, a mapping accuracy of 0.5 m in elevation is desired and perfectly feasible with currently available techniques; -Methods of assigning noise levels to buildings: the method selection to estimate noise exposure of inhabitants is crucial for planning actions of effective noise mitigation. The best approach to calculate the percent population exposed to traffic noise is through a facade map. The simple method to consider only the noise level at the grid point closest to the building may seem suitable and informative to the public, but it is not appropriate for epidemiological studies or definition of action plans [32, 34] .
With regard to the definition of 'agglomeration', different criteria are used in the EU Member States to define and demarcate agglomerations. In a recent remarkable research study, noise exposures for the entire Swiss population (7.9 million inhabitants) from road, railway and air traffic was estimated separately through calculations at the facade points [37] .
Despite different methodologies applied in European cities, a recent study [38] has shown that it is possible to rate noise pollution by using the revised G den and G night indicators, which appear strongly related to the highly annoyed population. In addition, they also allow comparisons among agglomerations that are heterogeneous in size. Some European projects working in the field of strategic noise maps are contributing to the implementation and revision of Environmental Noise Directive 2002/49/EC. For instance, the HUSH project (Harmonization of Urban Noise reduction Strategies for Homogeneous action plans [39] ) has proposed a pattern of a homogeneous and harmonized action plan, integrated with the Italian noise management tools [40] . One of the goals of the NADIA project (Noise Abatement Demonstrative and Innovative Actions and Information to the public [41] ) is to demonstrate the technical and economic feasibility and the effectiveness of best practices to reduce road traffic noise levels, using noise mapping activities. Different procedures used in the noise maps of eight important roads have allowed the creation of noise maps using different levels of input data [42] . As a last example, the main idea of the HARMONICA project (HARMOnised Noise Information for Citizens and Authorities [43] ) is based on the fact that the general public finds it difficult to understand the standard acoustic indicators as expressed in decibels, hence limiting the suitability of the project. The partners in this project have been working on a proposal to create new indices that are closer to what the population perceive. Four proposals of indices have been developed, based on different approaches, but all integrating both the continuous and the sporadic nature of noise [44] .
It is reasonable to expect that the common framework for noise assessment methods (CNOSSOS-EU [45] ) will represent a harmonised and coherent approach to address and assess noise levels from the major sources (i.e., road traffic, railway traffic, aircraft, and industrial) across Eu- 
Conclusions
A comprehensive analysis has been performed on the results concerning the percent population exposed to traffic noise from the Phase II strategic noise maps in European agglomerations, with particular emphasis on the Spanish agglomerations. Wide variability was observed in the percentages of the population exposed to traffic noise in the Spanish agglomerations. In one specific case, incompatibility was found between exposure levels for the L den and Ln indices. Comparing across all European agglomerations with available data, Germany has the lowest exposure to traffic noise and Spain the highest. More details should be given both on the input data and on calculation parameters in the reports of strategic noise maps, at least in the case of Spain. In the reports issued by Spanish agglomerations, it is necessary to emphasize the reflection order and the methodology used to evaluate the percentage of the population exposed to noise. For example, it would be desirable to use a higher reflection order, at least of the second order, in areas with high building density. Another issue is the important seasonal variations in the population, such as several towns on the Mediterranean coast in Spain. Some coastal towns in Spain regularly exceed 100,000 residents in the summer months, increasing the traffic density for several roads to be designated as major roads during the specific period. Nevertheless, none of the Spanish towns with such seasonal characteristics had created strategic noise maps, suggesting underestimation in the exposure to traffic noise.
Results from Phases I and II in the 31 European agglomerations examined in this study have also been compared. Some agglomerations experienced significant change in the exposure levels, either increased or decreased drastically. The large and controversial differences can only be explained by either a qualitative change in the map calculation methodology or the inconsistency of input data in the calculation programs. In our opinion, all the above results and discussions will contribute to the improvement and harmonization of procedures to estimate the noise exposure among the population.
